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0 Combination infrared and air flotation dryer. 
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© Apparatus for the non-contact drying of a web of 
material with a combination of infrared radiation and 
heated air. The apparatus includes a dryer enclosure 
(10) in which is mounted a plurality of air bars (18a- 
n,19a-n) in air-receiving communication with upper 
and lower headers (14,15) both above and below the 
web (13) for the contactless convection drying of the 
web. Mounted between the air bars are infrared gas 
fired burners (22a-n,23a-n). In order to accommodate 
the infrared burners between the air bars, spacers 
(16a-n,17a-n) are fitted on the header system sup- 
plying air to the air bars. The drying surface of the 
web is thus alternately heated by infrared radiation 
and then scrubbed by high velocity air to remove the 
moist boundary layer. Since the burners are com- 
pletely enclosed, all heat energy is captured in the 
exhaust system of the dryer assembly and a portion 
can be used to supply hot convection air back to the 
dryer. The remaining air is hot enough to be used in 
other convection dryers in series with the instant 
combination dryer, or have its heat recovered 
through the use of heat exchanger. 
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BACKGROUND OF THE INVENTION 

The present invention relates to web support- 
ing and drying apparatus. In drying a moving web 
of material, such as paper, film or other sheet 
material, it is often desirable that the web be con- 
tactlessly supported during the drying operation, in 
order to avoid damage to the web itself or to any 
ink or coating on the web surface. A conventional 
arrangement for contactlessly supporting and dry- 
ing a moving web includes upper and lower sets of 
air bars extending along a substantially horizontal 
stretch of the web. Heated air issuing from the air 
bars floatingly supports the web and expedites web 
drying. The air bar array is typically inside a dryer 
housing which can be maintained at a slightly sub- 
atmospheric pressure by an exhaust blower that 
draws off the volatiles emanating from the web as a 
result of the drying of the ink thereon, for example. 

One example of such a dryer can be found in 
allowed U.S. Patent Application Serial No. 
07/607,261 , the disclosure of which is hereby incor- 
porated by reference. That patent application dis- 
closes an air flotation dryer with a built-in afterbur- 
ner, in which a plurality of air bars are positioned 
above and below the traveling web for the contact- 
less drying of the coating on the web. In particular, 
the fair bars are in air-receiving communication 
with an elaborate header system, band blow air 
towards the web so as to support and dry the web 
as it travels through the dryer enclosure. 

Various attempts have been made in the prior 
art for decreasing the length and/or increasing the 
efficiency and line speed of such dryers. To that 
end, infrared radiation has been used either alone 
or in combination with air to dry the web. For 
example U.S. Patent No. 4,936,025 discloses a 
method for drying a moving web by passing the 
web free of contact through various drying gaps. 
Thus, the web is passed through an infrared treat- 
ment gap in which infrared radiation is applied to 
the web from an infrared unit, and then is passed 
into an air-drying gap within which the web is dried 
by gas blowings from an airborne web dryer unit 
which simultaneously supports the web free of con- 
tact. 

U.S. Patent No. 4,756,091 discloses a hybrid 
gas-heated air and infrared radiation drying oven in 
which strips of infrared heaters are arranged with 
heated air inflow nozzles alongside thereof. The 
dryer is not a flotation dryer, and the air impinge- 
ment nozzles and infrared elements are mounted 
on only one side of the web. 

Conventional infrared dryers where infrared ra- 
diation is used alone do not scrub the boundary 
layer of the drying surface. This causes an exces- 
sive temperature rise with insufficient drying on the 
web surface due to the high humidity in the bound- 



ary layer. In addition, standard infrared loses 70% 
of its heat to surroundings by transmission, reflec- 
tion, and radiation which does not fall on the sur- 
face to be dried. This results in poor efficiency and 

5 an uncomfortable and/or hazardous working envi- 
ronment. Moreover, installing infrared radiation 
means in conventional convection dryers typically 
increases the dryer length, and is often difficult or 
impossible in view of the limited existing space 

w between air bars. 

It is therefore desirable to have a combination 
infrared and air flotation dryer without substantially 
increasing the size of the dryer. In addition, it is 
desirable to be able to retrofit existing air flotation 

75 dryers with infrared burners in order to take advan- 
tage of the added drying capacity provided there- 
by, again without substantially increasing the dryer 
size. 

20 SUMMARY OF THE INVENTION 

The problems of the prior art have been solved 
by the instant invention, which provides an appara- 
tus for the non-contact drying of a web of material 

25 with a combination of infrared radiation and heated 
air. Specifically, the instant apparatus includes a 
dryer enclosure in which is mounted a plurality of 
air bars in air-receiving communication with upper 
and lower headers both above and below the web 

30 for the contactless convection drying of the web 
(such as the dryer of the aforementioned allowed 
U.S. patent application serial no. 07/607,261). 
Mounted between the air bars are infrared gas fired 
burners. In order to accommodate the infrared bur- 

35 ners between the air-bars, spacers are fitted on the 
header system supplying air to the air bars. The 
drying surface of the web is thus alternately heated 
by infrared radiation and then scrubbed by high 
velocity air to remove the moist boundary layer. 

40 Since the burners are completely enclosed, all heat 
energy is captured in the exhaust system of the 
dryer assembly and a portion can be used to 
supply hot convention air back to the dryer. The 
remaining air is hot enough to be used in other 

45 convection dryers in series with the instant com- 
bination dryer, or have its heat a small space while 
maintaining a comfortable working environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 

Figure 1 is a front view of the dryer interior 
showing the air bars and infra-red burners in 
accordance with the present invention; and 
Figure 2 is a schematic view of the drying 
55 system in accordance with the present inven- 
tion. 
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DETAILED DESCRIPTION OF THE INVENTION 

Turning now to Figure 1, there is shown gen- 
erally at 10 a dryer housing having a web entry slot 
11 and a web exit slot 12 through which web 13 
travels. The web is conveyed to and from the dryer 
10 by conventional conveying means (not shown) 
known to those skilled in the art. The web may be 
cooled upon exiting from the dryer 10 by contact 
with one or more chill rolls (Figure 2). Upper head- 
er 14 and lower header 15 (partially shown) each 
have a plurality of header fingers 16a-n and 17a-n, 
respectively, in air-receiving communication with a 
plurality of upper and lower air bars 18a-18n and 
19a-n, respectively. 

Although any air bar can be used, it is prefer- 
ably that air bars utilizing the Coanda effect such 
as the HI-FLOAT® air bar available from W.R. 
Grace & Co.-Conn. be used for their high heat 
transfer and excellent flotation characteristics. The 
spacing for standard HI-FLOAT® air bars typically 
used in graphic arts applications in which the dis- 
tance between slots is 2.5 inches and in which the 
slot width is 0.070 to 0.075 inches is staggered 10 
inch centers. In the paper industry, often air bar 
size is larger, such as a slot distance of 5 inches 
and slot widths of 0.1 40 to 0.1 45 inches 
(hereinafter "2X air bars", available from W. R. 
Grace & Co.-Conn.). For such applications, air bars 
are positioned on staggered 18-24" centers, usu- 
ally on 20" centers. Even air bars four times the 
size of the standard HI-FLOAT ("4X air bars", avail- 
able from W. R. Grace & Co.-Conn.) disposed at 
about 40" centers can be used. In general, the 
greater distance between the slots results in a 
larger air pressure pad between the air bar and the 
web, which allows for increasing the air bar spac- 
ing. This particular application lends itself well to 
the instant invention, as space to accommodate the 
IR burners and exhaust air is available between air 
bars. 

Air is supplied to the upper and lower headers 
through upper and lower air supply inlets 24 and 
25, respectively. The plurality of fingers 16a-n and 
17a-n are spacers which extend from the headers 
14 and 15 to the air bar intake ports so as to 
provide upper and lower compartments 20a-n and 
21a-n for accommodating the upper and lower in- 
frared gas burners 22a-n and 23a-n. The spacers 
also allow for the ability to preset the operating 
clearance between the web and the infrared bur- 
ners. The spacers can be welded to the headers, 
and the air bars gasketed and bolted to the spac- 
ers. 

Preferably the infrared source are infrared gas 
burners, as the quartz lenses in electric infrared 
sources are difficult to keep clean in some environ- 
ments. Suitable infrared gas burners include those 



sold by Maxon Corporation under the name 
INFRAWAVE® and disclosed in U.S. Patent No. 
3,588,301 , the disclosure of which is hereby incor- 
porated by reference. The burners are located be- 
5 tween air bars as shown in Figure 1. Each burner 
can be operated independently, providing flexibility 
to apply either infrared to either or both sides of 
the web, and at various positions along the length 
of the web. 

w For standard 2X air bars, which typically are 

spaced apart by 18-24 inches, a spacing of 22 
inches is generally necessary to accommodate the 
infrared burners. Also for such air bars, the spacers 
22a-n and 23a-n should be 10 inches to provide 

75 sufficient height in compartments 20a-n and 21a-n, 
respectively. In addition, this spacing also provides 
sufficient room in compartments 22a-n and 23a-n 
to allow each infrared burner to rotate 90 0 . This 
feature can be utilized in the event of a web break. 

20 A web break detector (not shown) can be interloc- 
ked to the infrared gas supply to shut down the 
burners in case of web break, while maintaining the 
flow of combustion air to help cool the infrared 
emitters. The detector can also be connected so as 

25 to engage the rotating mechanism to help prevent 
contact with the web. The distance between the 
web and the IR burners is adjustable to given a 
range from about 3 to about 9 inches, to allow for 
optimization of the IR input to the system. Those 

30 skilled in the art will be able to determine from the 
foregoing the appropriate spacing and location of 
larger or smaller air bars, as the case may be. 

One particular advantage with the instant com- 
bination dryer is the increased efficiency of the 

35 system in that IR energy that is not absorbed into 
the web is absorbed in the dryer air system. That 
is, the exhaust temperature is higher than the sup- 
ply temperature, which increases the volume of 
exhaust and make-up air (over conventional floater 

40 dryers) in order to maintain the supply air set point 
temperature. Although some of the exhaust air is 
recycled into the dryer interior, increased exhaust 
air can be utilized as make-up air in conventional 
floater dryers used in series with the instant com- 

45 bination dryer. Alternatively, the heat can be cap- 
tured from the exhaust air by any suitable means, 
such as heat exchangers, and can be recycled into 
the instant combination dryer or used in other 
dryers in series therewith. 

50 Figure 2 shows a schematic layout for the 

instant drying system. Natural gas from a distribu- 
tion system 30 including various regulators, safety 
shut-off valves, throttling valves, pressure switches 
and flame-monitoring equipment is supplied to the 

55 infrared burners. A supply fan 31 forces air from a 
mixing box 32 into the dryer 10 and eventually 
through the air bars for impingement onto the web 
surfaces. The supply air has a temperature be- 
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tween about 200° and 500 °F and is at a pressure 
of about 1" to about 10" wc. The mixing box 32 
mixes room air (at temperatures between about 
70° and about 120 6 F) with a portion of the return 
air from the dryer proper. Suitable dampers are 5 
included which are used to regulate the tempera- 
ture of the supply air by controlling the amount of 
return air that is apportioned to the mixing box 32. 
The remainder of the return air is exhausted with 
exhaust fan 33 to another dryer in series or for heat w 
recovery. The supply fan volume control damper 
34 is controlled by the operator to obtain the air 
bar slot velocity required to obtain good flotation 
(web clearance and sine wave formation) of the 
web for the conditions set at the time, such as web 75 
tension, air temperature, etc. 

Mode of Operation 



In operation, a moving web enters the dryer 20 
through the web entry slot. Typically the web has a 
coating on at least one surface thereof, such as an 
ink, clay or starch coating that requires drying; e.g., 
solvent evaporation. Inside the dryer, the web is 
supported by air cushions generated by air sup- 25 



plied from a plurality of air bars in air-receiving 
communication with headers via spacers. The 
headers receive hot air from the top and bottom air 
supply inlets. These air bars also provide convec- 
tive drying action by scrubbing the moist air 
boundary layer accompanying the web and trans- 
ferring heat to the web. The air supplied to the 
cushions is at 200 °F to 500 0 F, preferably about 
350 0 F, so that it also transfers heat to the web. For 
added drying, gas fired infrared burners are in- 
stalled in the compartments formed between the 
spacers and air bars. The infrared burners transfer 
heat to the web by thermal radiation, and thus 
evaporate the moisture or volatiles in the web. After 
impinging on the web, spent air, hot exhaust gases 
from the infrared burners and evaporated moisture, 
exit through the top and bottom return outlets. A 
portion of this exhaust (at a temperature of about 
500° to about 800 0 F) is drawn off by an exhaust 
fan and is available for use in a convection air 
dryer or in various heat recovery apparatus. The 
remaining exhaust air is combined with dry am- 
bient air in a mixing box to reduce its moisture 
content and temperature, and the air at 200° to 
500 °F is used as supply air back to the dryer 
proper. A supply fan provides the necessary pres- 
sure of 1-10" w.c. The air temperature is measured 
at the supply fan outlet and this measurement is 
sent to a temperature control damper to control the 
amount of return air supplied to the mixing box. 



Claims 

1. A combination web flotation convection and 
infrared dryer, comprising a dryer housing and 
a plurality of upper and lower air bars posi- 
tioned in said housing above and below said 
web for contactless support of said web as it 
travels through said dryer, said upper and low- 
er air bars being in air-receiving communica- 
tion with upper and lower header systems, 
respectively, via a plurality of spacers, said 
spacers extending from said headers and said 
plurality of upper air bars being spaced from 
each other by distances sufficient to accom- 
modate at least one upper gas-fired infrared 
burner adjacent at least one of said upper air 
bars for thermal radiation of said web, and said 
spacers extending from said headers and said 
plurality of lower air bars being spaced from 
each other by distances sufficient to accom- 
modate at least one lower gas-fired infrared 
burner adjacent at least one of said lower air 
bars for thermal radiation of said web. 

2. The dryer of claim 1 further comprising a con- 
vection dryer arranged in series with said web 
flotation convection and infrared dryer, wherein 
a portion of the supply air to said convection 
dryer is the exhaust gas generated by said 

30 web flotation convection and infrared dryer. 

3. A dryer of claim 1 or 2, wherein each upper air 
bar is laterally spaced from an adjacent upper 
air bar by a distance sufficient to accommo- 

35 date the width of an upper infrared burner. 

4. The dryer of claim 1, 2 or 3, wherein each 
lower air bar is laterally spaced from an adja- 
cent lower air bar by a distance sufficient to 

40 accommodate the width of a lower infrared 

burner. 

5. The dryer of any one of claims 1 to 4, wherein 
each of said infrared burners is rotatable within 

45 said dryer. 

6. The dryer of any one of claims 1 to 5, wherein 
the centre of each upper air bar is spaced 
from an adjacent air bar by 47.5 to 61 cm (18 

50 to 24 inches). 

7. The dryer of any one of claims 1 to 6, wherein 
the centre of each lower air bar is spaced from 
an adjacent air bar by 47.5 to 61 cm (18 to 24 

55 inches). 
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